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Abstract 
A high-density supersonic gas-jet target named JENSA (Jet Experiments in Nuclear Structure and Astrophysics) has been constructed and 
commissioned at Oak Ridge National Laboratory.  The target creates a localized (~ 4 mm wide) thick  (~1019 atoms/cm2) concentration of gaseous 
atoms (H, He, N, etc...) that are suitable for use in high-resolution experiments with radioactive beams.  The interaction point of the beam with the 
gas-jet target is surrounded by silicon strip detectors from the SuperORRUBA (Oak Ridge Rutgers University Barrel Array) to detect reaction 
products with good energy (~30 keV) and angular resolution (~1 degree).  Initial experiments are discussed along with plans for future use at 
Michigan State University. 
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1. Introduction 
The use of nuclear transfer reactions provides a wealth of information on the structure of nuclei.  The application of such studies to 
exotic nuclei is a primary method by which reactions of astrophysical interest, for example, can be experimentally constrained.  These 
studies require that the outgoing reaction products be detected with good energy and angular resolutions and that the reactions of 
interest be clearly distinguished from background reactions.  The successful studies of many transfer reactions [e.g., (3He,d), (3He,α), 
(d,p), (α,p), etc…] on exotic nuclei are greatly facilitated by the availability of a localized high-density target of gaseous elements.  
The target must be of sufficient density (>1018 atoms/cm2) to apply these techniques to low-intensity exotic beams.  The use of pure 
gases reduces the energy loss of the beam through the target (i.e., degradation of the energy resolution is minimized) and reduces the 
prevalence of unwanted contaminant reactions.  Ideally, the gas volume should be well-matched to the beam spot size (~3 mm) such 
that reaction angles can be unambiguously determined.  Finally, the beam-target interaction point should be surrounded with an 
efficient high-resolution charged particle array [e.g., the SuperORRUBA (Oak Ridge Rutgers University Barrel Arrary) of silicon 
detectors] [Bardayan et al. (2013)].  The Jet Experiments in Nuclear Structure and Astrophysics (JENSA) gas-jet target has been 
constructed and commissioned for this purpose [Chipps et al. (2013), Chipps et al. (2014)]. 
 
2. JENSA 
The JENSA gas-jet target is more fully described in Ref. [Chipps et al. (2014)].  Briefly, target gas is compressed to high pressure 
(200-400 psi) by an industrial compressor [PDC Machines PDC-4-100-500(150)] before injection through a Laval nozzle into the 
target chamber (see Fig. 1).  After travelling ~14 mm, the gas is collected in a pair of concentric conical receivers which are pumped 
by a collection of high throughput roots pumps (Leybold WSU2001 and WSU1001) and multistage rootsblowers (Ebara A10S) 
before injection back into the PDC compressor for recirculation.  To reduce the ambient gas pressure in the target chamber (typically 
50-500 mTorr depending on the gas type and injection pressure) and beam lines, differential pumping through flow-restricting 
apertures has been installed. The aperture sizes range from 3-5 mm and 15-28 mm on the upstream and downstream sides of the 
target chamber, respectively.  Each pumping region separated by an aperture is independently pumped by turbomolecular pumps 
resulting in pressures ranging from ~10-6-10-7 Torr at 50 cm from the target jet.  The accelerated beam is directed through these 
pumping apertures for bombardment of the target gas. 
The gas jet is surrounded by a combination of Oak Ridge Rutgers University Barrel Array (ORRUBA) [Pain et al. (2007)], 
SuperORRUBA [Bardayan et al. (2013)], and Silicon Detector Array (SIDAR) [Bardayan et al. (2001)] silicon detectors.  The 
ORRUBA and SuperORRUBA detector elements are combined to create a cylindrical array covering ~60-120 degrees in the 
laboratory with ~1 mm position resolution at 13-cm cylinder radius with intrinsic energy resolutions in the 30-100 keV range. The 
particular angular range covered by the detectors can be varied and is typically optimized for the current experiment.  The SIDAR 
detector provides an endcap to the barrel array and is optimized for detection at the most forward or backward laboratory angles. 
Initial tests of the system utilized α sources to probe the spatial distribution and density of the gas jet [Chipps et al. (2014)].  The α 
particles were directed through the gas jet before detection in a single element of the SuperORRUBA array.  The transmission of the 
α particles through the jet produces a shadow of energy loss observable from the energy vs. position detector spectra.  Extrapolating 
this shadow back to the jet position results in a measurement of the target width and areal density.  For a jet of 4He gas injected 
through a Laval nozzle 1.1-mm wide at an inlet pressure of 400 psi, target areal densities (averaged over the central 3 mm of the jet) 
of greater than 1019 atoms/cm2 were obtained with a spatial width of 5 mm FWHM [Chipps et al. (2014)].  In experiments where the 
reaction cross section is to be measured, the product of the beam current and target areal density will be extracted from measurements 
of the elastically-scattered target constituents near 90 degrees. 
3. First Experiments 
The JENSA gas-jet target was used for a variety of first experiments at the ORNL Holifield Radioactive Ion Beam Facility 
(HRIBF) [Beene et al. (2011)].  Targets were made of natural abundance He, N2, and Ne gases.  These were used to study the 
4He(15N,α)15N, 14N(p,t)12N, 20Ne(p,d)19Ne, and 20Ne(p,t)18Ne reactions to address open questions in nuclear astrophysics and nuclear 
structure.  Further details of the first study [20Ne(p,d)19Ne] are described below. 
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Figure 1: A schematic of the JENSA gas-jet target.  The detectors and pumps have been omitted for clarity.  Figure adopted from Ref. [Chipps et al. (2014)]. 
The levels of 19Ne play an important role in determining the astrophysical reaction rate of the 18F(p,α)15O reaction, which in turn, 
dominates the destruction of the radioisotope 18F in the nova environment [Utku et al. (1998), Bardayan et al. (2001), Nesaraja et al. 
(2007), Laird et al. (2013)].  Because of its relatively long halflife (~1.8 h), the decay of 18F in novae remnants is potentially 
observable and thus could provide an important diagnostic of nova nucleosynthesis [José and Hernanz (2007)].  Owing to this 
importance, there have been a large number of studies of 19Ne structure and hydrogen-induced reactions on 18F [Bardayan et al. 
(2000), Bardayan et al. (2004), Kozub et al. (2005), Chae et al. (2006), Adekola et al. (2011), Beer et al. (2011)].  The recent 
measurement by Adekola et al. (2011) of  the proton-transfer reaction 18F(d,n)19Ne found an important s-wave subthreshold 
resonance arising from a level at 6.289 MeV in 19Ne.  The measurement, however, could not determine whether the level had Jπ=1/2+ 
or 3/2+, and the difference between these assignments resulted in roughly a factor of 2 uncertainty in the 18F(p,α)15O reaction rate.  In 
order to resolve this uncertainty, JENSA was used to produce a Ne-jet target, and the 20Ne(p,d)19Ne reaction used to populate the 
6.289-MeV 19Ne level.  Since 1/2+ and 3/2+ levels would be populated by different angular momentum transfers in this reaction, the 
angular distribution of deuterons from the reaction can be used to determine the spin of the level. 
30 MeV proton beams from the HRIBF tandem were used to bombard the JENSA target operated with 300 psi of  Ne gas at the 
inlet corresponding to a target density of roughly 3×1018 atoms/cm2 as estimated from alpha source energy loss data  Data were taken 
for 28 hours with an average beam intensity of 3 nA.  Deuterons were detected and identified in the SIDAR array operated in 
“lampshade” mode covering the angular range 18-53 degrees.  The detector was operated as a particle telescope with 65-μm-thick 
detectors being backed by 1000-μm-thick detectors.  With this arrangement, deuterons were cleanly distinguished from other reaction 
products.  A deuteron spectrum is shown in Fig. 2 along with a comparison to the expected energies of deuterons from reactions 
populating known 19Ne levels.  There is a clear correspondence between the two indicating very little contamination from reactions 
on contaminants.  This is in stark contrast to a previous attempt [O’Malley (2012), Pain (2014)] which had used C foil targets 
implanted with 20Ne atoms.  The state of interest was clearly visible and is indicated in Fig. 2.  Analysis of the deuteron angular 
distribution populating the level is still in progress. 
 
4. Installation of JENSA at ReA3 and future studies at FRIB 
While first experiments were performed at ORNL, the primary purpose of the JENSA target is to study reactions on exotic beams.  
In the Fall of 2013, the JENSA target was disassembled, moved, and reassembled in the ReA3 hall at Michigan State University 
[Leitner (2013)].  A picture of the JENSA target installed at ReA3 is shown in Fig. 3.   
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Figure 2: (top) A deuteron spectrum from the 20Ne(p,d)19Ne reaction at 29 degrees.  A few representative peaks are labelled by their excitation energies.  The peak of 
interest at 6.289 MeV is clearly visible.  (bottom) Lines at the expected deuteron energies for known 19Ne levels.  Most peaks observed in the deuteron spectrum 
correspond to known 19Ne levels.  The only observed contaminants come from the natural 22Ne abundance in the target. 
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Figure 3: (left) A picture showing the placement of JENSA in the ReA3 hall.  The industrial compressor is visible at the bottom left. (right) A schematic of the ReA3 
experimental hall.  A preliminary design of the coupling to SECAR is shown. 
 
 
The operating concept of the ReA3 facility is to stop fast exotic beams from the coupled-cyclotron laboratory in a gas cell before 
extraction and reacceleration to energies of astrophysical interest.  As a result of this production technique, the availability of exotic 
beams is less dependent on their associated chemical properties than more traditional ISOL techniques while still preserving the high 
quality which is typical of such beams [Beene et al. (2011), Leitner (2013)].  Most nuclei produced in nova nucleosynthesis will be 
available at intensities of 104-106 ions/s at energies up to ~5 MeV/u.  It is envisioned that reactions such as (3He,d), (d,p), (α,p), etc… 
will be studied on exotic beams with JENSA at ReA3.  Stable beams have been successfully accelerated with the new accelerator, 
and commissioning experiments have been performed with JENSA at ReA3.  It is hoped that the first exotic beam studies with 
JENSA will occur by 2015. 
While JENSA will be operated in the near future as a stand-alone device [Chipps et al. (2013)], the gas-jet target will eventually 
become the target of the SECAR recoil separator [Berg et al. (2010)] as the coupled-cyclotron facility transitions to the Facility for 
Rare Ion Beams (FRIB) [Bollen (2010)].  JENSA will be used to produce high-density hydrogen and helium targets for the direct 
measurement of (p,γ) and (α,γ) reaction cross sections of astrophysical interest.  JENSA was designed with this ultimate goal in mind, 
and thus no major modifications are envisioned to be necessary to adapt JENSA to this role.  The design of SECAR is nearing 
finalization at this stage. 
 
5. Conclusions 
The science of producing high-quality high-intensity radioactive beams has been greatly advanced during the past decade.  There 
has not been nearly as much effort invested into making high-quality targets that are also critical for many of the exotic beam studies 
that will be made with these beams.  Of particular importance for nuclear astrophysics is the production of localized high-density 
targets of hydrogen and helium.  The JENSA collaboration has produced the first windowless gas-jet target optimized for exotic 
beam studies.  The collaboration has exceeded the design goal by achieving 1019 He atoms/cm2, and the first normal and inverse 
kinematic studies have been performed at the HRIBF.  The target has now been installed and commissioned at the ReA3 facility at 
Michigan State University where it will soon be receiving accelerated rare isotope beams.  Ultimately, it is envisioned that the gas-jet 
target will become the primary target for astrophysical studies with the SECAR recoil separator at FRIB. 
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